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Abstract 

We consider the Quasilocal Quark Model of NJL type including 
vector and axial-vector four-fermion interaction with derivatives. The 
■ mass spectrum for the ground and first excited states is obtained. 

The chiral symmetry restoration sum rules in these channels are im- 
posed as matching rules to QCD at intermediate energies and a set of 
constraints on parameters of QQM is performed. 



(N 



5h . 

<: 

1. Introduction 

The main purpose of this paper is to describe the physics of as ground vector 
(V) and axial-vector (A) meson resonances at low energies as excited states 
with increasing masses at intermediate energies in the framework of effective 
action of Quasilocal Quark Models (QQM) which were introduced in pQ. We 
will see that these effective QCD QQM are sufficiently general and from the 
physical point of view evident to allow a good description of wide set of mass 
relations for vector and axial-vector mesons. Moreover, using properties of 
two-point QCD VA correlators of quark densities at high energies (asymptotic 
freedom and Operator Product Expansion (OPE)) and two- resonance ansatz 
for VA meson correlators of QQM, we will obtain a number of constraints for 
parameters of QQM from the so-called Chiral Symmetry Restoration (CSR) 
\ sum rules. 

^ ■ It is well known that the effective QCD-inspired quark models with four- 

fermion interactions of Nambu-Jona-Lasinio (NJL) type are often applied to 
describe the low-energy QCD in the hadronization regime [211311113 13 13 El 
IH1EI1E]- The appearance of effective quark theory is connected with one 
of specific property of QCD — the dynamical Chiral Symmetry Breaking 
(CSB). The local four-fermion interaction is involved to induce the CSB due 
to strong attraction in the scalar channel. As a consequence, the dynamical 
quark mass md yn is created, as well as an isospin multiplet of pions, massless 
in the chiral limit, and a massive scalar meson with mass m a = 2md yn ap- 
pear. However, it is known from experiment that there are series of meson 
states with equal quantum numbers 12 . Due to confinement, one expects 
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an infinite number of such excited states with increasing masses. In such a 
way, the problem arises how to describe the physics of those resonances at 
intermediate energies. To solve this problem one can extend the NJL quark 
model taking into account higher-dimensional quark operators with deriva- 
tives, i.e. quasilocal quark interactions [T]. For sufficiently strong couplings 
the new operators promote the formation of additional meson states. Such a 
quasilocal approach (see also [T31ll4|ll5|llb|ll7| ) represents a systematic exten- 
sion of the NJL-model towards the complete effective action of QCD where 
many-fermion vertices with derivatives possess the manifest chiral symmetry 
of interaction, motivated by the soft momentum expansion of the perturba- 
tive QCD effective action. In the effective action of Quasilocal Quark Models 
(QQM) of NJL type the low-energy gluon effects are hidden in the coupling 
constants. The alternative schemes including the condensates of low-energy 
gluons can be found in [TflTH]. 

At the same time in the large- N c approach, which is equivalent to planar 
QCD jTHj, the correlators of color-singlet quark currents are saturated by 
narrow meson resonances. In particular, the two-point correlators of vector 
and axial- vector quark currents are represented by the sum of related meson 
poles in Euclidean space: 

U c (p 2 ) = [ d 4 xex P ( ip x)(qr q (x)qrq(0)) = V - f n 2 +£> °+£> 1 V, (1) 

J n P+ m C,n 

C = V,A; 7 M , 7 M 7 5 ; D , D x = const. 

The last two terms represent a perturbative contribution, with D and Di 
being contact terms required for the regularization of infinite sums. On the 
other hand, their high-energy asymptotics is provided [20] by the perturba- 
tion theory and OPE due to asymptotic freedom of QCD. Therefrom the 
above correlators increase at large p 2 , 

n c ( P 2 ) Ipw-p 8 !^- ( 2 ) 

When comparing the two expressions above one concludes that the infinite 
series of resonances with the same quantum numbers should exist in order 
to reproduce the perturbative asymptotics. So at intermediate energies the 
correlators of QQM can be matched [21] to the OPE of QCD correlators. This 
matching realizes the correspondence to QCD and improves the predictability 
of QQM. 

Meantime the differences of correlators of opposite-parity currents rapidly 
decrease at large momenta p 2 — > oo [2011221 123] 

n V) - n V) = ^ - ^ + o (-1) , a va * -u™^, (3) 



2 



where m 2 = 0.8 ± 0.2 GeV 2 gl], a s « 0.3 (at 1 GeV), and we have defined 
in the V, A channels 

Ki a (p 2 ) = (- W 2 + p»p»)n v ' A (p 2 )- (4) 

Therefore the chiral symmetry is restored at high energies and the dif- 
ference Q represents an order parameter of CSB in QCD. As it decreases 
rapidly at large momenta one can perform the matching of QCD asymptotics 
by means of few lowest lying resonances that gives a set of constraints for 
QQM parameters from the CSR sum rules. 

In the present work the vector QQM model is considered with two chan- 
nels where two pairs of vector and axial- vector mesons are generated. Respec- 
tively it is expected to reproduce the lower part of QCD meson spectrum in 
the planar limit and the leading asymptotics of chiral symmetry restoration 
for higher energies. In the Sec. 2 we define the VA, 577(2) QQM with two 
pairs of VA-mesons and the corresponding mass spectrum for boson states 
is obtained. The Sec. 3 is devoted to the U(3) extension of VA QQM. With 
the help of two-resonance ansatz for VA-mesons the correlators of QQM are 
matched to the OPE of QCD correlators and a number of constraints for 
parameters of QQM from CSR sum rules are performed in the Sec. 4. 



2. VA, 577(2) Quasilocal Quark Model 

The SU(2) QQM Lagrangian for the two-channel vector (V) and axial-vector 
(A) case in the chiral limit m q = has the form [22] (in Euclidean space): 

1 2 

C VA = qifiq + m NA 2 Yl bkl b r V,k9 ■ 9 r v,z9 + ?I\ fc g • qT l A l q] , (5) 
f c k,l=l 

T v,k = n»fk(s)r\ T l Ak = n^ 5 fk(s)r\ i = 1,2,3, 

where q = qj (j is the number of flavor iV^) are color fermionic fields with N c 
components, b^i represents the symmetric nonsingular matrix of real coupling 
constants, and t % denote Pauli matrices. The quantities fk(s), s — > —d 2 /A 2 
are the form factors specifying the quasilocal interaction. We accept the 
following sequence of action of the derivatives for the Hermitian fermion 
currents: 

d 2 ljd-d x2 



«v q= z\-n-) q - (6) 

In addition, let us regularize the interaction vertices by introducing the mo- 
mentum cutoff 

qq— >q6(A 2 + d 2 )q, (7) 
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and choose the polynomial form factors as being orthogonal on the unit 
interval, 

fk(s)fi(s)ds = 5 kl . (8) 



We select out here: 

Ms) = 2 -3s, f 2 (s) = -V3s. (9) 

As this model interpolates the low-energy QCD action it is supplied with 
a cutoff A (of order of the CSB scale) for virtual quark momenta in quark 
loops. 

It is convenient to pass to the auxiliary vector (p l ) and axial-vector (ajj 
fields, 

2 

k=l 
2 

+ N f N c A 2 {PlJkiPU + 4,AXJ • ( 10 ) 

k,l=l 

After integrating out the quark fields 

exp ^— J d 4 x C^j ^ = exp(— S'eff), 



qq 

one comes to the bosonic effective action 

2 



S cff (p;, fc , = N f N c A 2 {PkjMPU + a UKMj - iV/iV c Tr In P\ r 



Ireg ' 

k,l=l 



2 

fc=i 

where we have introduced the dynamic mass function M = (Tkf k {s), with 
Cfe being the vacuum expectation values of scalar fields j2Sj- We use the 
chirally invariant regularization of fermionic determinant: 

In det p = Tr a11 \np — > N f N c Tr In p\ rcg = ^N f N c Tr In , 

where the constant fi is a normalization scale for quark fields and the trace 
" Tr" is assumed over all degrees of freedom except color and flavor ones. We 
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will carry out further analysis in the mean field approximation (iV c ^> 1). 
Expanding the Eq. (fTT]) in boson fields and retaining the quadratic in fields 
part only, one obtains: 

1 f d^p 2 

S e s (P^,fc) a ^,fe) = 2 / (2ti) 4 \Pk,fjPkt P % i,v + a \,pPkt a /,J- (12) 

J ^ ' k,l=l 

The inverse propagators are defined by the corresponding second variation 



c m,u = 2NfNcA% -i SfMu _ NfNc 



1 



f, 




tr <( fa, ^ 75 ) — — (fry,, z 7 , 75 ) - , - | — } , (13) 

where the trace "tr" spans the Dirac indices only. 

To obtain mass spectrum we expand |T3|) in a small external momentum p 
(p 2 /A 2 <C 1) up to terms ~p 2 and calculate the corresponding loop integral 
using the momentum cutoff regularization. To compensate the quadratic 
divergences in this integral we parametrize the matrix of coupling constants 
as follows: 

i67rV = *«-or; Ah«A 2 - (14) 

The general structure of (fT3j) is: 

i(4rv + b[t ] ) <w - 4rW] + o (±) , (is) 



~ 127T 2 



where the two symmetric matrices - the kinetic term A and the momentum 
independent part B - have been introduced: 

A M= I ^3 2 3 2 J, (16) 



12 — ^^A22 



5" 



-2A n + crn -2A 12 + <7 12 

-2Ai2+(Ti2 — 2A 2 2 + C"22 



A 2 477 r- 9 

a n = 24M 2 ln-^ - —a\ - 15V3a 1( 7 2 + -a\ , 

15V3 2 3^ 2 

o-i2 = — o"! + 9(Ji cr 2 + -^-^2 , 

9 2 A" 27 2 

o"22 = 2°"i + 3v3(Ti(T2 + — a 2 . 

Here Mo = M(0) = 2o"i is the dynamic quark mass at zero external momen- 
tum. The remaining logarithmic divergences will be absorbed later by meson 
masses and renormalization of meson fields. 

The physical mass spectrum is defined by the secular equation 

det(ip 2 + = 0, m 2 phys = -pl (19) 

As it will be seen further the consistency with CSR sum rules imposes the 
following scale condition: 

A kl = O (A 2 ) . (20) 
Using (JIEJ), (jn|) one has for the Eq. (JTHJ): 

6 fln-^ - 2^jp 4 - ^8 ln-^ A 22 - 15A 22 + 3A n + 2V3A 12 ^ p 2 + 

+4detA = 0, (21) 

The solution of Eq. (|2*T|) in the large-log approximation ln-^ ^> 1 is as 
follows: 

■> det A „ / 1 > 

m 2 = _ + a + O — , 22 

' 21n^A 22 \jn$'' 

m 2 , = -| A 22 + S + c 2 + O (^-^ J . (23) 

To obtain the A-meson mass spectrum it is enough to make the replacement 
(see (JIZD, (©): A« -»• A« - l/2<7«. The result is: 



m 2 a ,=--A 22 + 3a + 5 + c 2 + 0\ — ^ ] . (25) 

in ^o 2 
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The prime labels everywhere the corresponding excited meson state and we 
have introduced the notations: 

d = 3An + 2V/3AX2 + A 22 , <r = of + -^-ai<x 2 + 3a 2 > . (27) 

As it is seen from the Eqs. (j22j) - (j25j) the scale of mass squared for ground 
VA states is 0(A 2 /lnA^) and for excited ones is 0(A 2 ). Thus, the excited 
states turn out to be logarithmically heavier than ground ones as it was for 
the scalar (S) and pseudoscalar (P) case [26J. This qualitative property is 
independent of any concrete choice of form factors. Combining the Eqs. ()22jl - 
(|25jl with the corresponding results in j2Ej one obtains: 

< -ml = 6M 2 + O f j-V j = \ml + O ( ^ j , (28) 

< - = 3a + O ( ^ j = ^(m 2 , - m 2 ,) + O f ^ j . (29) 

The last equalities in Eqs. (|25)l. (|2S|) do not depend on model parameters. 
Note also, that differences of masses squared both in the Eq. (|2*Hj) and in the 
Eq. ()29j) are of order 0(1), which indicates the chiral symmetry restoration 
at a scale over 1 GeV. 

Let us comment the approximations used to derive the meson mass spec- 
trum: namely, the large N c and leading-log approximations. The first one 
is equivalent [TH] to the neglect of meson loops. The second one fits well 
the quarks confinement as quark-antiquark threshold contributions are sup- 
pressed in two-point functions in the leading log approximation. The ac- 
curacy of this approximation is controlled also by the magnitudes of higher 
dimensional operators neglected in QQM, i.e. by contributions of heavy mass 
resonances not included into QQM. All these approximations are mutually 
consistent. In particular, in the effective action without gluons the quark con- 
finement should be realized with the help of an infinite number of quasilocal 
vertices with higher-order derivatives. Then the imaginary part of quark 
loops can be compensated and their momentum dependence can eventually 
reproduce the infinite sum of meson resonances in the large- N c limit. If the 
effective action is truncated with a finite number of vertices and thereby deals 
with only a few resonances one has to retain only a finite number of terms 
in the low-momentum expansion of quark loops in the CSB phase, with a 
non-zero dynamic mass. 
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3. VA, (7(3) extension of Quasilocal Quark Model 



In this section we build U(3) version of QQM 11271 . with current quark masses 
being taken into account. The corresponding extension of the VA, SU(2) 
QQM Lagrangian © is: 

l 2 

C VA = qi( /9 + m)q+ — - — V kl [qT^q ■ qT\^q+qT\ k q ■ qT^q], (30) 

f C k,l=l 

r v,k = hMs)X\ T\ k = i7 M 75/fc(s)A i , i = 0, 8 , 

where A* represent Gell-Mann matrices. The current quark mass matrix is 
rh = diag(m u ,md,in s ). In the sequel we adopt the exact isospin symmetry 
m u = rrid. The symbol u will stand everywhere for the u, d, u, d quarks. 
The symbol s will denote s or s quarks. The generalization of fine-tuning 
condition (fTlj) takes the form: 

le^r 1 = SU - ^ ; A^«A 2 . (31) 
The couplings A kl satisfy the relations 

A™ = A°,, A£ = i (Ag, + Ajy ; m = l,2,3, n = 4,5,6,7, (32) 
which provide the U(3) Gell-Mann-Okubo relations 

m a,uu "I" m a,ss = ^ m a,su > m a,uu = m a,singlet ■ (33) 

Here a = V, A, V, A'. The scheme of calculation of the mass-spectrum for 
VA, £7(3) QQM is the same as in the Sec. 2 and the details can be found 
in j22j. We point out only some features. First, the self-consistency of mass- 
spectrum imposes the self-consistency condition (|2()jl for all i. Second, in the 
effective action we did not take into account so far both the P — A mixing and 
different mixing terms, which are proportional to the current quark masses, 
since these contributions do not influence on the meson mass spectrum. 

The mass relations, which are independent of model parameters in the 
large-log approach are: 

m l u uu - m l-\ ( m l,uu - m l) , m2 ai ,su - m K* ~ \ ( m l,su ~ m K) , (34) 



m 



a\ ,ss 



m l ~ 2 [ 



(2m 2 K -m*)]. 



(35) 
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m \,uu- m \' - 2 { m l',uu - m l') , m \- S u- m2 K" ~ \ { m l',su ~ m K>) , (36) 

3 

m \~ s i ~ m l'-2 { m l',~s~s - m \ v y) ■ ( 37 ) 

The (if)' in the Eq. (|37J) is the radial excitation of 77 meson and throughout 
the paper the sign ~ denotes the large-log approximation. The correspond- 
ing fits and comparisons with experiment are carried out in |2ZII2B]- The 
agreement with experimental data is within 10% for V-case and 15% for the 
A-one. In such a way, the VA, £7(3) extension of QQM provides the cer- 
tain relations between meson masses of multiplets which are independent of 
model parameters. 

The axial anomaly was not yet considered in framework of QQM and, 
thus, we did not include the 7/ meson. Since the ground P-meson masses 
are subject to rather SU (3) Gell-Mann-Okubo relation one has no rj meson 
mass in the Eq. (|33j). On the other hand, we do not expect a strong £/a(1) 
anomaly effect for the case of excited 7/ meson. As a result, the relations (}3*3*|) 
hold for excited P-multiplet, which is reflected in the Eq. ()37)1 . 

4. Chiral symmetry restoration sum rules and 
constraints on parameters of VA, SU(2) QQM 

In this section we exploit the constraints based on chiral symmetry restora- 
tion in QCD at high energies for the SU(2) QQM. Expanding the meson 
correlators in powers of p 2 one arrives to the CSR sum rules: 

E^-E^ = 4 ^ 2 ' (38) 

n n 

E Z n m v,n ~ £ Z*m\ n = , (39) 

n n 

E Z n m V,n ~ E Z n<n = ^VA , (40) 
n n 

E Z v n m\ n - E Z*m% n = -mlA VA . (41) 

n n 

The first two relations are the Weinberg sum rules. The quantity F n is the 
pion decay constant which is equal in the QQM pfil : 



Al (42) 
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The residues in resonance pole contributions in the vector and axial-vector 
correlators have the structure, 

Z { ^ A) = 4f? VAln mf VAln , (43) 

with f(v,A),n being defined as electromagnetic decay constants. 

The corresponding two-point correlators for the SU(2) QQM can be cal- 
culated by variation of external vector fields. Let us first consider the V-case. 
Taking into account the external vector sources the Lagrangian reads as 
follows: 

£L = q[P + iY, rVfcV^J q + N f N c A 2 • 

\ k=l J k,l=l 

After shifting the bosonic fields 

and integrating over fermionic degrees of freedom one comes to the following 
effective action in external V-fields: 

SZM,^) = - N f N c TvlnP\ Ieg + 

r 2 

+N f N c A 2 / d A x b£ - 2 KpI + KK) ■ 

J k,l=l 

Expanding Trln^)| up to quadratic in fields terms, one has 



ireg 
2 

k,l=l 

where Cj£ v is given by Eq. (|15j) . Introducing the vectors 

and taking into account (j!4)) (where we neglect the last term), one integrates 
over p M with the result: 

f^S cS (V») = - 9 - (A 4 + 0(A 2 )) V?H^V V + ^V?V V 5» V , (44) 

f C 1 
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ff>=(V + £') A (BP) (-p%u+P,Pu)+(m 6,*. (45) 



The last term in the Eq. (|45jl together with that of in (|44jl form a local term 
which will be cancelled by the same term in the A-case. Substituting the 
identity 

0.1 »<l = 2 (<?/i( s h/^ - v^g^Oh^) 
into the vector correlator 



n ^(P 2 ) = 4 / ci 4 a;exp(ipx)(g7^g(a;)g7 1 ,g(0)), 



the latter can be rewritten through the second variational derivatives: 



n&V) 



NfNc 
12tt 2 



riff + 3ng - 2V3 n# (-5^ 2 + VlxV 



r(p) 



(46) 



(47) 



fl (p) = [kp 2 + B p ^j A 1 . (4f 

On the other hand, this correlator is parametrized as follows (see Eq. (JIJ): 



+ 



-<W +P^Pv)- 



(49) 



Comparison of (}4Tj) and (f4~9*|) allows to obtain the corresponding residues, 
(see Eqs. (|54|) . (|55jl ). In the mean- field approximation the vector correlator 
and residues can be calculated exactly which is displayed in the Appendix. 

The A-mesons must be considered together with the P-ones due to the 
P — A mixing. The relevant term in the effective action 



d A p 



k,l=l 



appears by virtue of non-zero value of the corresponding second variation of 



(1 



kl 



-NfN c 



tr < (175) 



a(( 



q+p/A ' 



/,(( 



9+P/2 
A 



h-\j) + iM 
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UN f N c 



(g+ip) 2 + M 2 (g-ip) 2 + M 2 



+ (50) 



In order to exclude the mixing terms one makes the shift of A-fields: 



with the elements D % kl being defined by the requirement of cancellation of P — 
A terms. This leads to changing of the kinetic matrix A 71 due to contribution 
of longitudinal A-part: 



A n 



A n 



4^1n| + 0(i; 

mlj Ml \ i 



-4+0 



in- 



V 



A 2 



V3 
2 



ln- 



o 



A 2 



\ 



I 



(51) 



where the Eq. f)28|) and the scale (|2()jl have been exploited. The redefini- 
tion (JoTj) does not influence on the mass spectrum of P-mesons, but renor- 
malizes the pion decay constant (}4*2*|) is: 



N f N c M 2 m 2 A 2 

'^+o(i; 



47r 2 m 2 

Ol 



(52) 



For the model under consideration the relation (|H2*|) fixes the logarithm of 
the cutoff in terms of physical parameters. 

Taking into account the point above the further calculations for the A- 
case are the same as for the V-one. As a result one finds the residues in the 
meson poles. In the large-log approach one has: 

(m 2 ai - ml) 5 



m 2 m 2 m 2 , 



_ 3N f N c A 4 

ZU Zl= 167T 2 ' 



(53) 



Z ~ 



m 



a i 



mi 



rn 



Z p ,~ 



AF 2 

2 7T ' 



Zi_ 

2 ' 



m r 



z.~ — 

1 771, 



rn 



AF 2 

2 T ' 



(54) 



(55) 



where 5 is given by (|2T)J) . Unlike the situation in the SP-case the residues in 
the VA-poles are of the same order of magnitude: 



Z p ~ 



Z p , ~ Z a ; = O (A 2 ) 
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The statement (|20|) follows from the comparison of Eqs. ([52)1 . ()53|l. The 
relation for is a constraint on effective coupling constants of the QQM A^. 

The first and the second sum rules are fulfilled identically. The third one 
takes the form: 

Z\ (rn^ — TTiy) — 167r« s (gg) 2 or ?>Z\o = — Ava ■ (56) 

Notice that the analog of Eq. ("5*"")) in the scalar case [""""] may be cast into 
the form 

/V /V 97 

U^. (m 2 , - ml,) ~ 24vra s (gg) 2 or 3Z X <7 = -^A VA . (57) 

The minor discrepancy between relations (|5fiJ) and (|H7j) is about 16% and can 
be referred to the quality of two-resonance approximation. The fourth sum 
rule looks as follows 



<' x -^-^ or --A 22 -3<r~ (58) 

Numerical estimations [2H| show that the last sum rule fails for QQM with 
the ground and first excited sets of VA mesons. The structure of Z p > and 
Z a i shows that if m a i ~ m p i then Z a i ~ Z p < and therefore f a i ~ f p i. As 
a consequence, these residues approximately cancel each other in sum rules 
and the one-channel results for f p , f ai hold [2""] (see also [29J ) : 

I P — / n 9 > Ja\ — / 9 9 • V^J 

After evaluating we get f p ~ 0.15 and f ai ~ 0.06 to be compared with the 
experimental values f p = 0.20 ± 0.01, f ai = 0.10 ± 0.02 [221. 

It should be mentioned that introducing VA-meson fields influences on 
some CSR constraints for SP-case obtained in "2Bj. Due to the redefini- 
tion (|5*Tj) the first SP sum rule is not fulfilled now identically but up to terms 
of order 0(1/A 2 ) because of the scaling ([""("") . The second SP sum rule is 
not changed in the large-A approximation. The relation Z a ~ Z^ is not now 
valid. Instead one has 

9 

m D 



ai 



The relevant physical discussions and fits for the SPVA QQM can be traced 
in [2*5112*5] . From the estimations [""B| 5 i n particular, follows that m a i —m p i « 
60 MeV which proves a fast restoration of chiral symmetry. 
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5. Summary 

1. We have shown that SU(2) and U(3) versions of Quasilocal Quark 
Model with chirally invariant four-fermion vector and axial- vector ver- 
tices including derivatives in fields can serve to describe the physics of 
vector and axial-vector meson resonances at intermediate energies. The 
corresponding mass spectrum for the ground and first excited VA bo- 
son states was derived in the mean field and large-log approximations. 
The qualitative features of the mass spectrum obtained turned out to 
be the same as in the scalar-pseudoscalar case [2E]: the excited states 
are logarithmically heavier than ground ones and a fast restoration of 
chiral symmetry over the scale 1 GeV is predicted. Comparison with 
the SP, SU(2) QQM permitted to obtain two relations between boson 
masses independent of model parameters: 

2 2^2 

m ai ~m p ^ -m a , 

The latter relation predict the mass of the first radial excitation of 
axial-vector meson in the energy range m ai = 1500 -j- 1550 MeV. 

2. The VA, U(3) generalization of QQM allowed to derive much more re- 
lations between masses of meson states which do not depend on any 
model parameters (see Eqs. ()MJl - (pT7jl ). The agreement with experi- 
mental data is within 10% for the V-case and 15% for the A-one 

3. From the expansion of QCD two-point colour- singlet current correlators 
for VA-fields in inverse powers of large momentum and the comparison 
with OPE one obtains the set of sum rules for the differences of VA- 
correlators, which show a rapid decrease at large momenta. Therefore, 
the chiral symmetry is restored at high energies and one can perform 
the QCD matching by means of few lowest lying VA-resonances that 
gives a set of constraints on parameters for VA, SU(2) QQM. In par- 
ticular, the residues for the ground and excited VA states turned out to 
be of the same order of magnitude unlike the situation in the SP case. 
The inclusion of excited states did not change the electromagnetic de- 
cay constants of the ground VA states compared with the one-channel 
results: f p « 0.15, f ai ps 0.06. 

4. The main results of our work have been obtained by means of method 
of effective action and on the basis of the idea of chiral symmetry 
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restoration at high energies and on OPE of the two-point correlators 
for vector and axial-vector quark densities. All calculations have been 
performed in the large- N c and log-approximations. 

5. We conclude that the VA Quasilocal Quark Model reflects phenomenol- 
ogy of low and intermediate energy meson physics and the matching to 
non-perturbative QCD based on chiral symmetry restoration at high 
energies improves the predictability of the models. 
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Appendix 

In this Appendix we calculate in the mean field approach the two-point vector 
correlator for the two-channel QQM. After introducing external vector fields 
V^„ and integrating over p % k one has for the quadratic in fields part of 
effective action: 

12n2 sgtyj = -\hXk (V + b^ 1 A (b'Y kv u {- P % v + w )+ 

+ 3 -AX (k - (bo) 1 Kj V u V , (60) 



N f N c 



where 



j _ 4Au 4Ai 



tt — \ -3A 2 3A? 



4A_i2 ^ _ 4A 2 2 



3A 2 x 3A 2 

In order to obtain the correlator of local currents (0) one needs to project 
the expression ()60|) on the local current: 
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where P is the projection operator. It is a formal way to obtain the rela- 
tion ([47)1 . The final result is: 

n v ^ = z i ( a P 2 + b + c) (-p 2 o^ + VyVv) + 



24 (ln|| - 2) det A (p 2 + m 2 p ) (p 2 + m 2 ,) 
3 4 9 ( 3dA 2 \ r 

-A 2 r -4 )5»„. (61) 



4 V4detA 

In the Eq. (|6T|) we introduced the following notations 



a = — 6 ( In 



( ln ^ ~ 2 ) rf + 8e det A + ^ det A ( A n + 3A 22 - 2 V / 3A 12 ) 

6 ^ 8 ( ln ^~ 2 ) ( A 22 + v^A^ + edetA) 2 , 

/ -\ 2 4 

c= (d + 4edetAJ , e = -— , 

and d, Zi are given by (|2*7|) . (JHSJ) - The residues in poles of the transverse 
part of correlator (|6Tf are: 

Z x (-am 2 + 6 + c) 

^p = —7 , x " (62) 

24 Mn|| - 2 J det A (mj - m 2 ) 

Zi (-am 2 , + 6 + c) 

^p' = 7 x P ; " (63) 

24 Mn|| - 2 J det A (m 2 p - m 2 pl ) 

One can check that the expressions (j62j) . (}6*3*j) in the large- log approximation 
turn into corresponding quantities (jSljl . (|53Jl . 

The exact calculation of axial-vector correlator is much more difficult 
because of P — A mixing. 
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